Abstract -The primary research aim was to explore the possibilities of transferring relevant data from information systems and databases required for practical environmental impact assessment. The necessary and adequate data content of environmental impact studies were defined according to legal regulations, expert recommendations as well as available impact studies. Furthermore, the data content of information systems pertinent to environmental impact analysis were investigated in view of data transmission. Disposing of the primary data required for impact studies, the classification of environmental objects (object class, object group, object type) was performed. Based on the latter, a pattern system design was completed; in the course of developing this, we defined the individual system overlays in the theoretical model, then assigned properties of the individual object types in the database model. environmental impact assessment / environmental database / information system / system design / data model Kivonat -Környezeti információs rendszerek alkalmazása a környezeti hatásvizsgálatok során. A kutatás elsődleges faladata a környezeti hatásvizsgálat gyakorlati kivitelezéséhez szükséges adatok információs rendszerekből, adatbázisokból való átvételi lehetőségének vizsgálata volt. Jogszabályi előírások, szakirodalmi ajánlások valamint már elkészült hatástanulmányok vizsgálata alapján meghatározásra került a környezeti hatásvizsgálatok szükséges és elégséges adattartalma. Vizsgáltuk továbbá a környezeti hatásvizsgálatok szempontjából relevánsnak tekinthető információs rendszerek adattartalmát illetve az adatátvétel lehetőségét. A hatástanulmányokhoz szükséges primer adatok ismeretében elvégeztük a szükséges környezeti objektumok osztályozását (objektumosztály-, csoport, típus). Ennek ismeretében egy minta rendszertervet dolgoztunk ki, amely során az elméleti modellben meghatároztuk a rendszer egyes fedvényeit, majd ezt követően a logikai adatmodellben megadtuk az egyes objektumtípusok tulajdonságait. környezeti hatásvizsgálat / környezeti adatbázis / információs rendszer / rendszerterv / adatmodell
INTRODUCTION
Prior to implementing, abandoning, or significantly extending establishments and operations that fall within the scope of certain conditions, conducting environmental impact assessments (EIA) are often required by law; even if there is no legal obligation for an EIAs, it is highly recommended as a precautionary measure (Elekné Fodor 2012) . Since its introduction in the early 1970s, the role and scope of EIAs are continuously expanding, although its application, practice, and procedures vary from country to country (Lee 1995) . Between 1994 and 1997, the number of environmental impact assessments submitted to the authorities in Hungary increased by an average 10% annually. There were more than 500 impact studies in 1997 (Pájer 2001) ; by 2005, this number exceeded 750 (Cseh at al. 2007) .
The objective of an environmental impact assessment is to explore environmental impacts and to assess and demonstrate the resulting changes that can ensue from given human activities and their products (Pájer 1999 , Chen 2014 . By this method, environmental requirements have a better chance of prevailing in the course of decision-making (Glasson 1995 , Rédey -Utasi 2004 , Cserny et al. 2009 ). Generally, an impact study is an information collection and analysis process; thus, up-to-date, available, and relevant data are needed to attain useful results (Bulla et al. 2004) . The importance and necessity of data is emphasized in the basic principles of an environmental impact assessment; the realisation of an EIA is only possible if the appropriate quantity and quality of data is available. Fortunately, when it comes to environmental impact studies, a rise in the quantity of studies conducted has also led to a rise in quality (Barker -Wood 1999) .
One of our research objectives was to explore the primary environmental descriptive data that is both necessary and appropriate for the demonstration of the state of elements in the environment and for the probable effects assessment in the course of environmental impact studies. The data list we compiled contained the data needed in most environmental impact analyses. We set a further objective for investigating the data content, availability, and possibility of data transmission of information systems relevant to our research.
Science and engineering research will produce increasingly more scientific data. Databases and information systems are also increasing. They are used to describe the state of the environment and to track the impact individual companies have on the environment and to ensure these companies adhere to environmental protection goals (Dedrick 2010) . Using this data successfully depends on the ability to access, integrate, and analyse these large databases (Tarboton et al. 2009 ). Environmental decision support systems as well as participatory environmental decision making also require a database that incorporates and allows dynamical incorporation of interdisciplinary expert knowledge (Bianconi et al. 2004) . These have motivated more global initiatives to build spatial data infrastructures (Masser 1999 , Kok -Van Loenen 2004 to facilitate the collection, maintenance, dissemination, and use of spatial information (Lagacherie et al. 2007 , Bulla 2012 . National and international initiatives aimed at building accurate data infrastructures increasingly call for standardized, harmonized, and up-to-date information. For example, INSPIRE (Infrastructure for Spatial Information in the European Community) encourages local and national contributors to apply standards of data format and quality to combine their information with information from other sources (Jensen et al. 2004) . Comprehensive environmental information can be propagated to the public via the internet rapidly, simply, and in real-time (Schimak 2003) .
In the light of the above, our task was to lay down the foundations of an information system that can support the data acquisition process of environmental impact analysis in view of the general list of data and the contents of relevant information systems.
MATERIAL AND METHODS

Exploration of the general data requirement of environmental impact assessment
The first step of our research was to study the specifications relative to data contained in EU and domestic laws pertinent to environmental impact analysis. We explored the relevant literature; moreover, we followed the method used by Hemann et al. (2007) and analysed the documentations of completed impact studies. In the course of our investigations, we examined 62 environmental impact assessments, of which 40 were preliminary examination documentations and 22 were completed environmental impact studies. Most of the impact assessments for investigation were randomly selected through electronic search (89%) as well as the studies conducted by the Institute of Environment and Earth Sciences of the University of West Hungary.
The data analysis is based on data collection, performance indicators, and data quantification (Wang et al 2014) . In the course of investigation, we determined general primary environmental data that the law prescribes or recommends, or that were actually used by the authors of the examined environmental impact studies. On this basis, a data list was compiled containing only those data fields that occurred with at least 75% frequency in the examined impact studies as a result of statistical evaluation.
Besides the general list of data, the data requirement of a concrete type of establishment (roads) was explored in order to examine the deviations due to special data requirements, or, in other words, the usability of the general list of data. The investigations by Forman (2000) call the attention to the impact roads have on the environment. Since a notable part (40%) of the documents related to roads (Table 1) , and we ourselves were concerned with environmental impact studies of this type in our professional work, the data requirement of these type of establishments was defined in our establishment-specific examinations. 
Examination of environmental information systems
From the point of view of environmental impact analysis, relevant environmental descriptive databases and information systems were those that can provide environmental data concerning the individual elements of the environment. Through internet searches and the examination of printed documents (handbooks, manuals, reports), 34 databases (9 international and 25 domestic) were identified which, based on their titles, can probably be used as a potential source of data for environmental impact analysis ( Table 2) . As a selection criterion for further examinations, the scope and coordination of the databases by governmental bodies (managing offices, national institutes, and ministries) were applied. From this range of databases, 16 environmental databases that were deemed the most important and most useful for our research were selected; their actual importance was defined with expert assistance. Using questionnaires (102) and personal interviews (36), professionals who, according to the database of the Environmental Professional Information System (XIR), have been conducting environmental impact studies or have been practicing expert activities of this kind were invited to participate in our research project. To attain a realistic examination of the knowledge and use of the systems, we worked towards a well-balanced representation of the different professional fields in the sample when selecting professionals to be involved. The individual professional fields were defined according to the elements and environment systems. In the analyses of the databases, the general data content, and the spatial (number and distribution of measurement points) and temporal validity and reliability of data were examined, as well as the practical application of the systems according to different points of view, such as availability, operability, software demand, download possibilities and formats, and user fees.
The list of data required by environmental impact studies was compared against the data contents of the information systems; the extent of the overlay was also examined. The achievability of data required was examined through queries of databases. This way it is possible to identify what data can be taken from which information system.
Object classification and the elaboration of the pattern system design
Based on the compiled list of data, an object classification of the environmental data needed for the impact studies was performed. A possible hierarchic classification is class -grouptype. One class can contain several groups and one group can contain several types. Based on the system worked out by the National Forestry Service (1999), the identifier of the objects was defined. The first letter in the identifier (from A to Z) stands for the object class, the second letter (from A to Z) designates the group, the third and fourth character (from 01 to 99) gives the object type.
During model building, a system design was worked out. Tsichritzis and Lochovsky (1977) define a data model as "a set of guidelines for the representation of the logical organization of the data in a data base (consisting) of named logical units of data and the relationships between them". According to the concise definition by Detrekői and Szabó (1995) , modelling amounts to describing the real world with a reduced set of information, in a three-step process of abstraction. In the first step, a theoretical model substitutes the real world; in this model, the entities, persons, objects, incidents and events to be used in the final model are defined. In our case, these entities are the individual system overlays of the system. In the following step, the parameters needed for the description of the theoretical model entities (geometrical and attribute data of the object types) are defined, as well as their interrelationships, that is the logical model of objects is set up. In the system design, the examination of relationships has not been touched upon, so the physical data model (third step) has not been created, which would mean the mapping and uploading the logical model in a digital environment (Czimber 2002) .
RESULTS AND DISCUSSION
Definition of the general data requirement of environmental impact analysis
In examining the phases and work stages of impact analysis, it was established that the surveying phase is primarily the basic state in which databases or information systems can serve as potential data sources. Consequently, in our research the analysis of data needed for the examination of the basic state of the environment was emphasized; hence, they are taken into consideration for impact assessment and evaluation.
Environmental data needed for the execution of impact studies are defined by neither foreign nor domestic laws; however, they refer to the need of certain environmental information. Pertinent literature (Tombácz -Radnai 1989 , Bisset -Tomlinson 1992 , Rédey et al. 2002 , however, pays attention to the examination of data that can serve as the basis for characterising the environment's basic state, assessing the range of impacts, and evaluating them. Our investigations verified that in environmental impact studies characterising the basic state of the environment, general data content can be defined, which the executors of impact studies can utilize in the case of any type of establishments. Those environmental data were incorporated into our master data list, which occurred in at least three-quarters (75%) of the studies that were investigated. Table 3 shows primary data grouped as elements of the environment. The data requirement of a concrete type of establishment was revealed in order to check the usefulness of the general list of data. In the case of the master data of environmental impact analysis for roads, the difference with respect to the data in the general list was low (12% altogether); thereby, we considered our verified data list generally useful.
Comparison of the data requirement against the data content of environmental information systems
The number of information systems has shown an important increase in the last few years. However, data collection has become difficult because data cannot be found in a unique database, but rather are stored in several thematic databases. In the case of soils, one of the biggest international systems is the European Soil Database. This is part of the European Soil Information System (EUSIS), a collaborative project involving all European Union and neighbouring countries and is a simplified representation of the diversity and spatial variability of the soil coverage. The database consists of both a geometrical dataset and a semantic dataset that links attribute values to the polygons of the geometrical dataset.
Thanks to the soil mapping and soil testing activities carried out for several decades, Hungary possesses soil science information that is unequalled within European countries (Várallyay et al. 2009 ). During the last two decades, an important part of the map-based pedological information has been digitalised and built into different special soil information systems (Szabó -Pásztor 1994) . A detailed examination of three information systems related to soil has been carried out in our research. The Soil Conservation Information and Monitoring System (TIM), covering the whole area of the country, provides parameters of soil physics, soil chemistry, and soil biology from 1,236 measurement points. High-scale soil maps form the basis for the Database of Agro Topography. The map-based soil information system contains the main pedological parameters defining the site aptitude, including genetic soil type, soil-forming rock, physical soil type, clay composition, water balance properties, chemical reaction, lime state, organic stock, tilth thickness, and soil evaluation. The Hungarian Institute of Soil Sciences Database gives information about the geological structure, base rock and ground water for the whole area of the country in a map-based form.
Most of the systems involved with air are global; in these, atmospheric phenomena and climate change are stressed. Databases containing local data in relation with the air quality are rare. One such information system is Air Quality in Europe, the aim of which is to provide publically available data on the air quality in European big cities for information and comparison. In Hungary, the National Measuring Network of Air Pollution (OLM) database contains automatically and manually generated air quality data.
The last several years a significant improvement in hydrologic and environmental data availability has occurred (Beran -Piasecki 2009) . The Water Information System for Europe (WISE) is a joint initiative from the European Commission (DG Environment, Eurostat, Joint Research Institute) and the European Environment Agency that aims to modernise and streamline the collection and dissemination of European water policy-related information (D'Eugenio 2007).
The development of hydrographic information in Hungary could be characterised as progress in small steps. In recent decades, work on the unified information system of the branch has been ongoing. In the directories of water management, several databases currently exist; some have been centrally developed, others are self-developed. The Water Information System (VIZIR) is a registration and processing system of water management data; its basic (descriptive) database system is the Data Store of Water Management created in 2004. The base data register of the Data Store of Water Management covers the whole Danube Basin. Currently, the national system of VIZIR comprises more than 20 databases.
Databases relevant to fauna and flora, and landscape are scarce both on the international and national levels. Among the international systems, the Coordination of Information on the Environment (CORINE) and the Natura 2000 network provide data of surface coverage and nature protection-related descriptive data for Hungary.
The Nature Conservation Information System (TIR), working as a sub-system of the National Information System of Environmental Protection, can be considered as the principle database of domestic nature conservation. The primary objective of the system is to register nature conservation databases belonging to local and governmental authorities (landscape values: objects of geology, hydrography, botany, zoology, scenery, cultural history, ecotourism, protected natural areas) and organising these into a unified geographic information system compatible with the systems in the European Union. Because landscape value versatility, there was no unified domestic database that could collect and handle these data in a common registration system. Landscape Value Cadastre (TÉKA) is an integrated database covering the entire country. Uniting the databases of different professional organisations with the active participation of nearly a thousand civilians, it is the most detailed and most complete landscape values database.
In acquiring data regarding the built environment and humans, it was possible to rely primarily on domestic databases. Besides the Settlement Statistical Database System of the Hungarian Central Statistical Office (KSH T-STAR) and the Database of the Office of Cultural Heritage (KÖH), mention should be made of the National Regional Development and Country Planning Database. The aim of this GIS-based system is to provide objective, precise, and up-to-date information for regional development and planning activities. This system contains more than thirty-five thousand data by settlements. It is also interesting to mention the E-PRTR (European Pollutant Release and Transfer Register), which includes environmental use data for nearly 28,000 industrial establishments (Yoshida et al. 2014) .
Based on their data content, the investigated domestic and international systems are applicable in the support of environmental impact studies. However, large portions of these systems consider local conditions; hence, the international databases are often insufficient to meet domestic data demand. In the case of international databases, commonly the number of measuring points has been limited; with respect to Hungary, there are considerably fewer measuring points than needed. Furthermore, several international systems call in data from the member states themselves and upload the same in its central database. Subsequently, regarding these facts in examining the possibilities of data transmission, the focus was on domestic information systems and databases.
Having compared the information systems' data content against the data requirement of EIA, it could be established that the environmental information systems include the majority (88%) of data needed for the characterisation of the basic state of the environment, so they are indeed appropriate for the support of environmental impact studies. Following this comparison, a preliminary guide was compiled for the use of practical environmental impact analysts. This guide contains data from the impact-analysis master data that are recommendable for transfer from the information systems and databases. Source of transfer, data model, transferrable data, geometry of objects are indicated for each data point along with additional notes regarding the systems. Table 4 shows details of this guide. 
Object classification and definition of data models of the system design
Due to the increasing demand for data in recent years, a number of different information systems have been created, our investigation confirms the importance of this. Most specialists involved in environmental impact analyses would require a correctly operating, user-friendly information system that includes appropriate data to facilitate their work in a meaningful way. The provision of the required data can, however, be realised by the joint use of several systems (Barthel et al. 2008 , Argent et al. 2009 ). Therefore, we found it necessary to define the basis of a unified information system that takes into consideration the existing ones. Knowing the environmental data necessary for describing the basic state of the environment, according to the object hierarchy, the object classes of the data model (Table 5 ) then the groups (Table 6) , and finally the object types ( Table 7 ) are defined. In the case of object types, the geometry of the object as well as the potential domestic sources of data supply are indicated. The theoretical and logical data models of the pattern system design were set up according to our object grouping. The objects of the data model were defined in the theoretical model, while in the logical model the geometrical and attribute data of the objects were given. Beside the names of the individual overlays, the code given in the course of object classification is indicated. As an example, Table 8 illustrates the overlays of an object type of the geological and the pedologic group of object respectively. The object classification illustrated in the foregoing can form a basis for later legal modifications concerning the completion of environmental impact analyses. It may also help revise the existing information systems on environmental protection and help plan their integration. When set up, the data model includes those overlays that are necessary in the course of environmental impact analysis. The creation of the system design ensures its applicability in any geological information systems serving related goals.
CONCLUSIONS
Research results support the completion of the basic state survey phase of environmental impact analysis. Completing this will make the execution and verification of environmental impact studies more efficient and less time consuming. We consider this a high priority. The set up data list and guide can both assist implementing this into practice. The current investigation focused on Hungarian information systems and impact analyses; at the same time, the pattern system design set up is feasible in any country with any geoinformatics systems.
